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Goals
e UNDERSTANDTHERE_TIONSHIPSBETWEEN:
• FORMU_TIONVARIABLES
• PROCESSVARIABLES
• DEFINECONDITIONSREQUIREDFOROPTIMUM
PERFORr-_NCE
• RELATETOMODULERELIABILITY
• PREDICI_NUFACTURINGYIELD
• PROVIDEDOCUMENTATIONT INDUSTRY
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PROCESSDEVELOPMENT
Material Variables
LA_;INATIONP TTANTS
e ETHYLENE/VINYLACETATE(EVA)
. o ETHYLE;IE/I]ETHYLACRYLATE(E_)
f
CASTIfIGPOTTA_TS
. ALIPHATICPOLYURETHANE(PU)
ADHESIVES/PRIMERS
_" o THREEBASICPRIMERSYSTEMS
COVERFI_IS
e TEDLAR,ACYRLICS,FEP
FORt1ULATIONVARIABLES:
TYPEANDAMOUNTOF:
o CURINGAGENTS(PEROXIDES)
"" e ANTIOXIDANTS
a ULTRAVIOLETSCREENERS
o ULTRAVIOLETSTABILIZERS(HALS)
o SELFPRIMINGAGENTS
STORAGECONDITIONS:
o TIME,TEMPERATURE,HUMIDITY,LIGHT
.. AIREXPOSURE
QUALITYCONTROL:
e DETE_._INEA LYTICALI_THODSTOVERIFY
CO_IPOSITION
m PUBLISHQCSPECIFICATIONSFORMATERIAL
CERTIFICATION
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r
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PROCESS DEVELOPMENT
Process Variables
(VACUUHBAGLArIINATION)
m _IBIENTCONDITIONS:
TEMPERATURE
HUrIIDITY
BAROMETRICPRESSURE
O VACUUFIPRESSURE(INITIAL)ANDTIME
OFEVACUATION
"o
o TEMPERATURE- - RATEOF RISE
e TEMPERATURE- - ULTIr_TE
• DWELLTIME,ATTEMPERATURE
e RATEOFCOOLING
L
m TIME/TEMPERATURE/PRESSUREINTE -
RE_TIONSHIP
(CASTINGLIQUIDSYSTEMS)
HOVE VARIABLES,PLUS:
, m 2 COMPONENTMIXTIME
e DEGASSINGPRESSURE
m PUMPANDFILLTI_S
m MiXUNIFO_IITY
o GELTIME
m,°t,
.4'
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PROCESS DEVELOPMENT
Process Equipment
EXPERII:IENTALLAMINATOR
VACUUM GAUGE AND VACUUM GAUGE AND
REGULATION VALVE TOP COVER REGULATION VALVE
LOWER CAVITY CLAMP SCREWS / UPPERCAVITY
SILICONE RUBBER G I
!
, i "rY
, _ i "
.RAOM I +
ALU SILICONE RUBBER GASKET t.
I
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i 1so PROCESSPROFILE
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I ,o T ,o I2. INITIATE TIME. mm 4 REMOVE 5. REMOVE MODULE
t HEATING FIXTURE FROM3, PRESSURIZE FROM VACUUM-BAG
t 1 LOAD UPPER HEATED FIXTURE• ASSEMBLY. CAVITY PRESS
,; PULL
• _ VACUUM
, e MICROPROCESSORCONTROLLEDXPERIMENTALL MINATORCONSTRIICTED
I
i I STUDIESSTARTEDONPROCESSINGPROFILES
' RATEOFHEATING(HOWSLOW,HOWFAST? )
• VACUUMTIMING
' RATEOFCOOLING
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PROCESS DEVELOPMENT
Quality and Performance Criteria
_IETHO['. e PREPARETESTMODULESAND/OROTHERTEST
SPECI_:ENSWITHCHANGEINSIGNIFICANT
VARIABLE(S)
o DETERMINETHEEFFECT
COFIPONENT CRITERION TEST
?OTTANT ADEQUATECURE PERCENTGEL
;" THERMALCREEP
TRAPPEDBUBBLES VISUAL
DISCOLORATION VISUAL
CELLS BREAKAGE VISUAL,RESISTANCE
INTERCONNECT RESISTAfJCE
REGISTRATION VISUAL
COVERFILMS TEARS/PUNCTURES VISUAL
WARPING/SHRINKAGE VISUAL
GLASS(SUPERSTRATE) FRACTURE VISUAL
ADHESION BONDSTRENGTH PEELTEST
ENDURANCE WATERSOAK(50°C)
NEEDTODECIDEON:
.. o STANDARDTESTSPECIMEN(S)
e STANDARDTESTPROTOCOL
o UNIFORMDATASETS
o
" i
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PROCESS DEVELOPMENT i _
Data Analysis
_, • STATISTICALANALYSISCOMPLICATEDBYLACKOF w,
,; UNIFORHITYIN DATATYPE
' e TWOTYPESOFDATA:
i
-: DISCRETE(PASS/FAIL) CONTINUOUS
CELLF_CTURE GELCONTENT
i INTERCONNECTBREAKAGE PEELSTRENGTH
;! TRAPPEDBUBBLES STABILIZERLOSS
i THERmaLCREEP
GLASSFRACTURE
FORCONTINUOUSDATATYPES:
I f
• TWOLEVELFACTORIALEXPERIMENTS ,
(MOSTINFORMATION,FEWESTEXPERIMENTS)
i e NO.EXPERIMENTS= 2K,K = NO.VARIABLES
• DETE_41NESFFECTOFSINGLEVARI_LEATTWOLEVELS
• DETERMINESFACTORINTERACTIONS(SEVERALVARIABLES)
= PERMITSRANKINGOFVARIABLESACCORDINGTOMAGNITUDE
OFEFFECT
= LINEARANALYSISPOSSIBLEFORSUBSEQUENTPREDICTIVE
; CAPABILITY
FOR_ISCRETEDATATYPES:
= DETERf;INE"XSUCCESSESItJN .'
TRIALS"FORSUIT_LYLARGE
sArlrLE
= SCATTERPLOT- FORFIRST
ESTIFt^TEOFACCEPTABLEPRO-
CESSINGRANGE
• BINOr:INALDESTRIBUTION-
DETERMINEPROBABILITYOF
FAILURE
INGENERAL:
I,DETERMINETHEDOFIINANTFAILURE_IODE
2,DETERMINEVARIABLE(s)RESPONSIBLE
3,DETERPiINEEXPERIMENTALCONDITIONS
THATRESULTINA RANGEOFFAILURES
4,DETERFIINETH MEANANDSTANDARD
DEVIATIONFTHEDISTRIBUTION
5,USEPROBABILITYDISTRIBUTIONFUNCTION
TOCALCULATEPROBABLEFAILUREAT
OTHERSTRESSLEVELS
I
i
I
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'j
Manufacturing Practice: Discrete Variables
O PREPAREGRAPHICALINTERPRETATIONOFDATA
" 4
o DE_ERI,INE" TOLERAELEFAILURE" LEVEL
o _ZFINEBOUNDRYCONDITIONSFORDEFECT-FREE
, !iANUFACTURING( FIRSTESTIMATE)
EXAMPLE:CELLBEEAKAGE
I
0 - PASS
X ,,FAIL
- / V\oRESIN _ BACKFILLRATE
TEr,PERATURE /\_ /\ u /\ (MMH /.R)
. (oc) I _ -_.i , i ,, G_EC
/ X_ ZEROFAILURE
/ ./_*/\ /_,.A \ i_
VACUUMPRESSURE
(_HG) "
Cv
#°.,,,_
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PROCESS DEVELOPMENT 'i
Manufacturing Practice: Continuous Variables
o GRAPHICALPRESENTATIONALSOGOODFOR CONTINUOUS
VARIABLES
• PROVIDESBOUN_RIESFORPROCESS/FOPJqULATIONVARIABLES
BASEDON CRITERIAOF ACCEPTABILITY
• EASILYUSEDINMANUFACTURINGPRACTICE
EXAMPLE: PERCENTGEL
(DEGREEOF CURE)
, PROPERTYLINES/_
70%/_
T (°C) 50%t \-,,b.__ _--,
}{ X X \ -'
PEROXIDECONTENT
(%)
/
.,o
-!
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• _, PROCESS DEVELOPMENT t
_; FormulationSensitivity
e UVSCREENERS_D OTHERSTABILIZERS- LOWDOkNCURE
RATESLIGHTLY.NOENO_.IOUSDIFFERENCEB TWEENTYPES
e ANTIOXIDANTSCANHAVEr_JOREFFECTONCURE.
NOTUSED/UNNECESSARY
"_ CUREVERSUSPEROXIDECONTENT
(TIi_TOGELCUNTENT>65%,MII_UTES)
__EYJLg)JJL_
zso° _ zso° 16oo
LUPERSOL101:
1.5X NC 20 10 5 ¢
0.5% NC 30 20 10
• i EVA15295
; I}
_ LUPERSOLTBEC:
_ 1.5: a <5 3 1
_ 0.5% NC 10 5 <5 ;
(NC = NC CURE)
!
e ONETHIRDTHESTANDARDPEROXIDECONCENTRATION l ,
DOUBLESTHEREQUIREDTI_E
o EVAFORMULATIONSNOTSENSITIVETO MINOR i
VARIATIONSONPEROXIDECONTENT ,
o
_T
i
I
t'
!
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• PROCESS DEVEI.OPMENT
Process Sensitivity
EVASTORAGE/ AIREXPOSURE
FVANU_ER
_99,LL ...].529.5_
PEROXIDE: LUPERSOL101 LUPERSOLTBEC
CUE 150o / 20_IIN 1500/ 5 MIN
CONDITIONS: I_0° / 20MIN 1400/ 5 MIN
j
AIREXPOSURE GELCONTENTS;
CONTROL,0 80 % 93%
64I 911
: 2_HOURS 82% 85%71% 78%
48HOURS 78% 81%
:. 0% 72%
72HOURS 70% 83%
0% 82%
168HOURS 0 % lO%
(ONEWEEK) 0 % 0 %
e EVAFO_ULATIONSSTRONGLYAFFECTEDBY AIREXPOSURE.
AIREXPOSURE.
• FORNULATIONWITH•'BEEPEROXIDEMUCHLESSAIRSENSITIVE
• EVASTOREDINROLLFORM- APPEARSTOHAVELONGSTORAGE
:; LIFE
• CUTEVASHEETONLYBEFOREUSE,DISCARDFIRSTWRAPOFROLL
e,
L
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PROCESS DEVELOPMENT _ '!
:_ JPL Process Sensitivity Analysis
" t _EFIt;E V_R|A_LE$ i ..
DETERMINE
l CRITERIA OF I
PERFORMANCE
UNIFORM TE_T T
SPECIMEN(S)
UNIFORM TE3T
PROTOCOL
UNIFORM DATA
_ S_T
DISCRETE f J CONTINUOUS I i
,I bA1A J J DATA I ,
, l i _
f PLOT DATA [ I FACTORIAL IEXPERIMENT TION
. ,1 |! RANK VARIABLES I
J AND COFACTORS =' ! RANK VARIABLE(S) I i
AND COFACTORS
BRACKETS AND ]
BOUNDRIES BRACKETS AND I ;i
I BOUNDRIES
i , i ;_ERNOULL]
[MULTIVARIATE ANALYSIS =
PROBABILITY ! .!
DISTRIBUTION I G_APHICAL I
I ["" PRESENTATION I '
, GRAPHICAL PRESENTATION I
' ASSIGN PROBABILITY _
VALUES-REQUIRED l
"t CRITERIA . "
I
DETERMINE t
MANUFACTURING YIELDS
.a
.a i
,,9 o
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PROCESS DEVELOPMENT -'
Conclusions
4
• EVAFOPJ';ULATIONSRELATIVELYINSENSITIVE
TO QUANTITYOF PEROXIDEBUTVERY SENSI- t
TIVETO AIR EXPOSURE
• • UNW'_P/CUTEVAJUSTBEFOREFiO_ULEI_NU-
FACTURING- LIHITAIR EXPOSURE
I
Accomplishments
• _ALYTJCAL_THODSDEVELOPEDFOR PEROXIDE
CONTENT
i I_ICROPROCESSORC ,_TRt}LLEDEXPERI_NTAL
; LA_IINATORCONSTRUCTED
• EXPERI_NTALTESTIIETHODOLOGYDEVELOPED ¶
. ( FIRSTCUT ) ,,
::' o REVISEDEVAPRODUCTBROCHUREAVAILABLE
INCLUDES" TROUBLESHOOYING" SECTION
=-
Future Work
.. • DETE_INED_INAIJTFAILURE_DES
• CONVERTDATATO P_CTICALENGINEERING
:: FOPJ_AT
r
, • RELATEDATATO _NUFACTURINGYIELD ' :
• ASSIGNPROBABILITYOF FAILURE
• NORtlALDISTRIBUTION(?)
• WEIBUL(?)
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